
National Aeronautics and 
Space Administration 

Lyndon 8. Johnson Space Center 
Houston. Texas 77058 

DMS -DR-2463 
NASA-CR 1 6 7 , 6 7 2  

SPACE SHtiTTLE LRSI TPS T I L E  TESTS O S 4 1 ,  
OS42 AND OS45 I N  THE NASA/AMES 

U S I N G  MODEL 107-0 
( O S 4 1 ,  OS42 AND O S 4 5 )  

RESEARCH CENTER ;lxll-FOOT WIND TUNNEL 

4b CHRYSLER VAf CORPORATION 
HUNTSVILLE ELECTRONICS DIVISION 



October  1983 

DMS -DR-2463 
NASA-CR 16 7 , 6  7 2 

SPACE SHUTTLE LRSI TPS TILE TESTS O S 4 1 ,  
OS42 AND OS45 I N  THE NASA/AMES 

USING MODEL 107-0 
( O S 4 1 ,  O S 4 2  AND OS45) 

RESEARCH CENTER Jlxll-FOOT WIND TUNNEL 

R .  A. Marshall 
Rockwell International 

Space Transportation 6 Systems Group 

P repa r sd  under NASA Contrac t  Number NAS9-16283 

Data Management S e r v i c e s  
Chrys l e r  H u n t s v i l l e  E l e  c t r o n i c s  Div i8  i o n  

Michoud Engineer ing  O f f  i c e  
New Or leans ,  L o u i s i a n a  70189 

for 

S.ysterns Engtneering D i v i s i o n  

Johnson Space Center  
N a t i o n a l  Aeronaut ics  and Space A d m i n i s t r a t i a n  

Houston, Texas 



WIND TTU"EL TEST SPECIFICS : 

Test Number: 369-1-11 380-1-11 3 81- 1- 11 

?lode1 NumSer : 96-4)/107-0 96--@/107-@ 96-@/ 107-0 
Test S t a r t  ilate: 4-18- 79 7-3-79 8-28-79 
Test Completion Date: 4-19-79 7-5-79 9-6-79 

NASA Series  Nuinber: OS41 OS42 OS45 

Occupancy Hours : 60 53  100 

FACILITY COORIIISATOR: 

Phone: ( L 5 j  465-5647 

PROJECT ENGINEEBS: 

( O S h l )  Doug 3Llcklel- 
Phone: (213) 922-3816 

( Q S k 2 / 4 5 )  I r a  Victer 
3:.o. re :  ' (213) $22-2557 

NASA /Arne s 
,2mes ttesearch Center  
Xoffetc F i e l a ,  CA 94035 

( G S 4 1 )  Tony Gross 
Phone: (42.5) 965-6258 

(OS42/45) John Penuer  
Phoae: (415) 955-5701 

Prepa red  by:  Liaison -- S.  R. Houlihan 
Operarions - B .  . I .  i3urst 

Reviewed by:  c .  w.  Klug 
/ 

- A- f 
Concurrence t' I &+2- ---- - .  __. 

" N .  D. Kemp, %hager 
Data Management S e r v i c e s  



SPACE SHUTTLE LRSI TPS TILE TESTS os41 
O S 4 2  AND OS45 I N  THE NASA/AMES 

RESEARCH CENTER 11x11-FOOT W I N D  
USING MODEL 107-@ 

( O S 4 1 ,  O S 4 2  AND O S 4 5 )  
by 

TUNNEL 

B.A. M a r s h a l l  
Rockwell I n t e r n a t i o n a l  

Space T r a n s p o r t a t i o n  & Systems Group 

ABSTRACT 

An exper imenta l  i n v e s t i g a t i o n  (OS41,OS42 and OS45) w a s  conducted i n  t h e  

NASA/Ames Research Center  (ARC) l l x l l - f o o t  Wind Tunnel d u r i n g  t h e  y e a r  

1979. Test O S 4 1  w a s  conducted from A p r i l  18 through A p r i l  1 9 ;  t e s t  O S 4 2  

w a s  conducted from J u l y  3 through J u l y  5 ;  and test O S 4 5  w a s  conducted from 

August 28 th rough September 6 .  The purpose  of t h e s e  tests w a s  t o  o b t a i n  

performance c h a r a c t e r i s t i c s  of cracked and damaged Low Temperature Reusable 

S u r f a c e  I n s u l a t i o n  (LRSI) t i l e s  and m i n i - t i l e s  when s u b j e c t e d  t o  a t r a n s o n i c  

shock and t u r b u l e n t  f low environment.  

The same tes t  a r t ic le  w a s  used dur ing  tes ts  OS41, O S 4 2  and OS45.  The g e n e r a l  

test c o n f i g u r a t i o n  d u r i n g  a l l  three tests w a s  r e p r e s e n t a t i v e  of  LRSI and 

m i n i - t i l e  a r r a y s  on t h e  S h u t t l e  upper f u s e l a g e  forward o f  t h e  w i n d s h i e l d  

and on  top  of t h e  canopy and payload bay door  s i d e  ra i l s .  

A s  a r e s u l t  of t e s t i n g ,  some c r a c k i n g  and c h i p p i n g  of t h e  LRSI t i l es  o c c u r r e d  

d u r i n g  test  O S 4 1 .  During test O S 4 2 ,  t h e r e  w a s  a l o s s  of 3 m i n i - t i l e s  p r i o r  

t o  a c h i e v i n g  test c o n d i t i o n s  with minimal p r o p a g a t i o n  of  s u r f a c e  damage. 

There w a s  no t i l e  loss d u r i n g  OS45.  
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INTRODUCTION 
I 

Tests O S 4 1 ,  OS42 and OS45 were p a r t  of a n  i n v e s t i g a t i o n  of  t h e  Low Tempera- 

t u r e  S u r f a c e  I n s u l a t i o n  (LRSI) Thermal P r o t e c t i o n  sys tem (TPS) on t h e  Space 

S h u t t l e  O r b i t e r .  The purpose  of t h e s e  tests w a s  t o  o b t a i n  performance 

c h a r a c t e r i s t i c s  of cracked and damaged LRSI t i l e s  and m i n i - t i l e s  when 

s u b j e c t e d  t o  a t r a n s o n i c  shock and t u r b u l e n t  f low environment similar t o  

t h a t  experienced d u r i n g  S h u t t l e  f l i g h t .  

The aerodynamic shock was g e n e r a t e d  u s i n g  t h e  96-0 t es t  f i x t u r e  i n  t h e  

11-foot  wind tunnel .  The l e a d i n g  edge f l a p ,  l o c a t e d  on t h e  96-0 t es t  

f i x t u r e ,  func t ioned  t o  cause  a n  expans ion/ recompress ion  shock over  t h e  

LRSI tes t  a r t i c l e  which s i m u l a t e d  t h e  upper  canopy f low f i e l d .  

The same tes t  a r t ic le  (model 107-@) w a s  mounted i n  t h e  96-0 t es t  f i x t u r e  

d u r i n g  tests O S 4 1 ,  OS42 and OS45. I t  should  be  noted ,  however, t h a t  

a l t e r a t i o n s  were made t o  t h e  o r i g i n a l  OS41 t e s t  a r t i c l e  c o n f i g u r a t i o n  

p r i o r  t o  OS42 and a g a i n  p r i o r  t o  t e s t  OS45. 'The g e n e r a l  t e s t  c o n f i g u r a t i o n  

d u r i n g  a l l  t h r e e  tests w a s  r e p r e s e n t a t i v e  of LRSI  and m i n i - t i l e  a r r a y s  

found on t h e  S h u t t l e  upper  f u s e l a g e  forward of t h e  w i n d s h i e l d  and on t o p  

o f  t h e  canopy and payload bay door  s i d e  r a i l s .  

T e s t  O S 4 1  w a s  conducted a t  Mach numbers v a r y i n g  from 0 .76  t o  0.88 and 

dynamic p r e s s u r e s  vary ing  from 544 PSF t o  646 PSF. The f i x t u r e  l e a d i n g  

edge f l a p  w a s  set  a t  20 d e g r e e s .  

T e s t  O S I t 2  w a s  conducted p r i m a r i l y  a: a Mach number of 0.86 and dynamic p r e s s u r e  of 

630 PSF f o r  a t i m e  d u r a t i o n  of  110 minutes  on c o n d i t i o n .  The t i m e  d u r a t i o n  

4 



INTRODUCTION (Concluded) 

of 110 minutes  on c o n d i t i o n  s imula t ed  t h e  shock and t u r b u l e n t  f low envi ron-  

ments f o r  2 2 0  Space S h u t t l e  f l i g h t s  (30 seconds /mis s ion ) .  

T e s t  OS45 w a s  conducted p r i m a r i l y  a t  a Mach number of 0.8? and dynamic p r e s s u r e  of 

638 PSF f o r  a t o t a l  of 55 minutes.  The l e a d i n g  edge f l a p  w a s  set  a t  24 

degrees  d u r i n g  tests O S 4 2  and OS45.  

All test o b j e c t i v e s  were m e t  dur ing  OS41, OS42 and 0545 .  T h i s  r e p o r t  

p r e s e n t s  i n fo rma t ion  on t h e  conduct of t h e  t es t s ,  t es t  f i x t u r e ,  test  f a c i l i t y ,  

i n s t r u m e n t a t i o n  p a r t i c u l a r s ,  and d a t a  c o l l e c t e d  d u r i n g  t h e  tests. I n  

a d d i t i o n ,  photographs of t h e  test f i x t u r e  and test  a r t i c l e  are inc luded .  

Basic geometr ic  d a t a  w e r e  p l o t t e d  by Data Management S e r v i c e s  b u t  are n o t  

p r e s e n t e d  h e r e i n .  

5 



NOMENCLATURE 

SYMBOL 

ARC 

ATM 

CONST 

CP 

cPRMS 

DB , dB 

DEG 

FLAP, 0 

ft. 

gRMs 

Hg 

ID 

Kg 

KRMS 

KTRAN 

L.E. 

LI 9.00 

LRS I 

Mach 

DPBOX 

DFLAP, PHI 

GAIN 

M ,  MACH 

MNEMONIC DEFINITION 

Ames Research Center 

ATM Atmospheric Pressure 

CONF Configuration Code 

Constant 

CP Local Pressure Coefficient 

CPRMS RMS Local Pressure Coefficient 

DATE Calendar Date on which Data were 
Recorded, in Months and Days 

Volume of Sound, decibel 

Degree 

Differential Pressure across the 
Pressure Box, psid 

Test Fixture Flap Setting, degrees 

Feet or Foot 

Heff Amplifier Gain, volts/volt 

Root Mean Square Acceleration, ftlsecond 

Mercury 

Inside Diameter 

Calibration Constant, counts/ft/second2 

Calibration Constant, volts/count 

Sensor Sensitivity, volts/Engineering Unit 

Leading Edge 

9 Pounds/ft3 LRSI tiles 

Low Temperature Reusable Surface Insulation 

Freestream Mach Number 

2 
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NOMENCLATURE (Continued) 

1 

S W O L  

NA 

NASA 

N0,NO. 

OD 

P 

P' 

PL , PL 

pRMS 

PSF,psf 

PSI 

PSIA, psia 

psid 

PT 

9 

REQD 

RgRMS 

RHO 

RMS 

Re 

MNEMONIC DEFINITION 

Not Applicable 

National Aeronautics and Space Administration 

Pressure Tap Number 

Outside Diameter 

P Freestream Static Pressure, psf 

Local Fluctuating Pressure, psi 

(in parameter block) 

PBOX Pressure Inside the Pressure Box, psi 

P Local Static Pressure, psi (in dependent 
variable) 

PR Ratio of Local Static Pressure to Free- 
stream Static Pressure 

PT 

Q 

RN 

RMS Pressure , psia 

Pounds Per Square Foot 

Pounds Per Square Inch 

Absolute Pressure, pounds per square 
inch 

Differential Pressure, pounds per square 
inch 

Freestream Total Pressure, psf or in. Hg 

Freestream Dynamic Pressure, psf 

Required 

DIS Accelerometer Reading, €t/second 2 

n 
3 Freestream Density, slugs/ft 

Root Mean Square 

Freestream Reynolds' Number, per foot x10 -6 

7 



SYMBOL 

RTV 

RUN 

S 

SEQ 

SIP 

sq * 

SYB 

TP S 

X 

Y 

Z 

NOMENCLATURE (Concluded) 

MNEMONIC DEFINITION 

Room-Temperature Vulcanized  Adhesive 

RUN Wind Tunnel Run Number 

S t r a i n  Gage 

Tunnel Run Sequence Number 

S t r a i n  I n s u l a t o r  Pad 

Square 

RMS S t r a i n ,  i n c h e s  

Symbo 1 

TIME 

TR 

TTF 

X 

Y 

Z 

Time of Day a t  which Data were 
Recorded, “MM ( 2 4  hour  c l o c k )  

Thermal P r o t e c t i o n  System 

Frees t r eam S t a t i c  Tempera ture ,  R 

Frees t ream T o t a l  Temperature,  F 

0 

0 

L o n g i t u d i n a l  D i s t a n c e  on P a n e l  o r  
F i x t u r e  - p o s i t i v e ,  i n c h e s  a f t  of 
p a n e l  l e a d i n g  edge 

Lateral  D i s t a n c e . o n  Pane l  o r  F i x t u r e -  
p o s i t i v e ,  i n c h e s  r i g h t  o f  p a n e l  c e n t e r l i n e  

V e r t i c a l  D i s t ance  on P a n e l - p o s i t i v e ,  
i n c h e s  above t h e  s k i n  of t h e  h o l d i n g  
pane l  

8 



REMARKS 

Upon removal of t h e  OS41 (Cracked T i l e )  pane l  from t h e  96-0 t es t  f i x t u r e ,  

i t  w a s  d i scovered  t h a t  11 of the  1 2  acce le romete r s  had come unglued and 

f a l l e n  l o o s e  from t h e  pane l .  

p rope r ly .  None of t h e  dynamic d a t a  are p resen ted .  

Only U6 w a s  s t i l l  a t t a c h e d  and r e a d i n g  

1 5  
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CONFIGURATIONS INVESTIGATED 

TEST FIXTURE DESCRIPTION 

The 96-0 t es t  f i x t u r e ,  o r i g i n a l l y  used f o r  test OS31A, w a s  modi f ied  f o r  

tests O S 4 1 ,  OS42 and OS45.  

box, l e a d i n g  edge f l a p ,  s i d e  p l a t e s ,  and t h e  t i l e  p a n e l .  The f i x t u r e ,  

d e p i c t e d  i n  Figure l a ,  f u n c t i o n s  t o  cause a n  expans ion  shock p a t t e r n  

ahead of t h e  specimen, fo l lowed by a recompression shock r e g i o n  w i t h  

a t t e n d e n t  p o s i t i v e  p r e s s u r e  g r a d i e n t s  and h i g h  t u r b u l e n c e  l eve l s  over  t h e  

t es t s p e c  i m e  n . 

The b a s i c  components c o n s i s t  o f  t h e  p r e s s u r e  

The p r e s s u r e  box enc losed  t h e  area under t h e  t i l e  p a n e l .  

i n g  t h e s e  t h r e e  tests, t h e  depth  of t h e  p r e s s u r e  box w a s  i n c r e a s e d  by 5 

i n c h e s  from t h e  o r i g i n a l  c o n f i g u r a t i o n  t o  accommodate t h i c k e r  p a n e l s .  

Also ,  t h e  box was s e a l e d  t o  w i t h s t a n d  p r e s s u r e s  up t o  28 p s i d  and w a s  

f i l l e d  w i t h  sound a b s o r p t i v e  a c o u s t i c  m a t e r i a l  t o  minimize i n t e r n a l  p r e s s u r e  

f l u c t u a t i o n s .  

P r i o r  t o  perform- 

Two 1/4- inch OD and two 1" I D  s teel  l i n e s  were connected t o  t h e  box f o r  

c o n t r o l l i n g  the p r e s s u r e  i n s i d e  t h e  box, and f o r  p r e s s u r i z i n g  and e v a c u a t i n g .  

I n  a d d i t i o n ,  t h e r e  were two pneumat ica l ly  c o n r r o l l e d  v a l v e s  - one on each  

s i d e  of t h e  box. The v a l v e s  were used t o  e q u a l i z e  t h e  p r e s s u r e  i n s i d e  t h e  

box w i t h  t h e  tunnel  s t a t i c  p r e s s u r e  i n  t h e  event  of an emergency t u n n e l  

shutdown. The box w a s  a c c e s s e d  through a door l o c a t e d  a f t  of t h e  t i l e  

panel .  

Rework of t h e  l e a d i n g  edge f l a p  a c t u a t i n g  mechanism w a s  r e q u i r e d  due t o  

a 



CONFIGURATIONS INVESTIGATED (Continued)  

m o d i f i c a t i o n s  t o  t h e  p r e s s u r e  box. However, t h e  l e a d i n g  edge f l a p  

s t i l l  func t ioned  t o  produce t h e  d e s i r e d  shocks and could  be remote ly  

a c t u a t e d  from 0' t o  30'. 

a l e a d i n g  edge r a d i u s  of 1f2- inch.  

t h e  c e n t e r  of r o t a t i o n  was f i x e d  a t  2-314 i nches .  . 

The f l a p  l e n g t h  measured f i f t e e n  i n c h e s  wi th  

The r a d i u s  from t h e  f l a p  s u r f a c e  t o  

The po ten t iome te r  used t o  i n d i c a t e  t h e  p o s i t i o n  of t h e  f l a p  w a s  l o c a t e d  

n e x t  t o  t h e  h y d r a u l i c  c y l i n d e r .  

forward and t r a i l i n g  outboard  edges.  The l e a d i n g  edge had a 1/16-inch 

b l u n t  edge. The s i d e  p l a t e s  extended t o  t h e  t u n n e l  f l o o r  and were sup- 

p o r t e d  from undernea th .  No mod i f i ca t ions  were r e q u i r e d  on t h e  s i d e  

p l a t e s .  

The s i d e  plates were beveled  10' a t  t h e  

TEST SPECIMEN 

The LRSI t i l e  pane l  used f o r  OS31A was used f o r  tests O S 4 1 ,  OS42  and O S 4 5 .  

The pane l  (model 107-0) w a s  changed s l i g h t l y  from t h e  OS31A c o n f i g u r a t i o n  

t o  accommodate t h e  modif ied 96-9) tes t  f i x t u r e .  

nominal ly  24x40 i n c h e s  t o  accommodate t h i r t e e n  8x8-inch t i l e s  and f o u r  

h a l f  t i i es .  

of  0.16-inch t h i c k  SIP. It should a l s o  b e  noted t h a t  a nominal 0.055-inch 

gap exis ts  between t h e  t i les .  

The LRSI t i l e  pane l  i s  

The LRSI t i l e s  a r e  0.85 inches  t h i c k  and are mounted on top  

The LRSI t i l e  pane l  is composed of a t h i n  aluminum a l l o y  s u b s t r a t e  w i th  

h a t - s e c t i o n  s t r i n g e r s  l i n i n g  the bottom of t h e  s u b s t r a t e .  Due t o  modif i -  

c a t i o n s  made on t h e  p r e s s u r e  box, c l i p s  were a t t a c h e d  t o  t h e  s t r i n g e r  ends 

11 



CONFIGURATIONS INVESTIGATED (Concluded) 

and t o  the panel  frame. These c l i p s  were used t o  clamp t h e  t i l e  p a n e l  

f l u s h  wi th  t h e  upper s u r f a c e  of t h e  test  f i x t u r e .  

Test O S 4 1  involved t h i n  t i l e s  w i t h  t h e  s u r f a c e  c o a t  i n t e n t i o n a l l y  c racked  

p r i o r  t o  t e s t i n g  as  shown i n  F i g u r e  l b .  Seven of t h e  seven teen  t i l e s  on 

t h e  OS42 t e s t  pane l  were i n  a min i - t i l e  c o n f i g u r a t i o n  as shown i n  F i g u r e  

IC. I n  a d d i t i o n ,  some of t h e  seven teen  LRSI  t i les used f o r  OS42 were 

i n t e n t i o n a l l y  chipped o r  c racked .  The l o c a t i o n s  of t h e s e  t i l e s  are shown 

i n  F igu re  Id .  

Three of t h e  seventeen  t i l es  on t h e  OS45 tes t  p a n e l  were c o n s t r u c t e d  of 

f l i g h t  material ( L I  900) i n  a m i n i - t i l e  c o n f i g u r a t i o n  as  shown i n  F i g u r e  

l e .  

been a p p l i e d .  

F i g u r e  l e  d e p i c t s  t h o s e  m i n i - t i l e s  t o  which a s p e c i a l  "edge-fix" had 

The ' ' f ix"  w a s  f a b r i c a t e d  by u s i n g  a s p e c i a l l y  des igned  

hypodermic need le  which w a s  i n s e r t e d  i n  t h e  t i l e  gap. The n e e d l e  dep res sed  

t h e  f i l l e r  b a r  and was tu rned  90° and moved a long  t h e  edge of t h e  t i l e  

w h i l e  f o r c i n g  RTV between the t i l e  lower surface and t h e  upper s u r f a c e  of 

t h e  f i l l e r  b a r .  



INSTRUMENTATION 

During t h e  conduct of tests OS41, OS42 and OS45, t h e  96-0 test  f i x t u r e  w a s  

i n s t rumen ted  w i t h  f o u r t e e n  p r e s s u r e  o r i f i c e s  around t h e  p e r i p h e r y  of t h e  

tes t  s t r u c t u r e  as shown i n  Figure I f .  The p r e s s u r e  d a t a  show t h e  tes t  

environments t o  which t h e  LRSI t i l e  pane l  w a s  exposed. I n  a d d i t i o n ,  all 

t h r e e  tests employed a po ten t iome te r  t o  de te rmine  t h e  l o c a t i o n  of t h e  

l e a d i n g  edge f l a p .  

During t h e  conduct of tests OS41 and 0545, twelve  a c c e l e r o m e t e r s  w e r e  

l o c a t e d  on t h e  bottom s u r f a c e  of t h e  LRSI  t i l e  p a n e l  s u b s t r a t e  o r  s t r i n g e r s .  

F i g u r e  l g  shows t h e  l o c a t i o n s  of t h e  a c c e l e r o m e t e r s  used f o r  test  OS41 and 

F i g u r e  l h  shows t h e  l o c a t i o n s  of t h e  a c c e l e r o m e t e r s  used f o r  t e s t  OS45. 

Only seven  of t h e  twelve acce le romete r s  were mounted i n  t h e  same l o c a t i o n s  

f o r  b o t h  tests. Endevco model 2222 micro-minia ture  a c c e l e r o m e t e r s  were 

employed f o r  t h e s e  tests. 

During OS41, s t r a i n  gages were l o c a t e d  on t h e  bottom s u r f a c e  o f  t h e  LRSI 

t i l e  pane l  as shown i n  F i g u r e  li. Two l o c a t i o n s  used s t r a i n  gages a t  

o r thogona l  d i r e c t i o n s  which brought t h e  t o t a l  number t o  twelve.  

During tes t  OS45, t h e  LRSI t i l e s  w e r e  i n s t rumen ted  wi th  one hundred and 

t h i r t y  e i g h t  p r e s s u r e  t a p s  i n  t h e  t i l e d  a r e a  i n  a d d i t i o n  t o  t h e  1 4  

p r e s s u r e  o r i f i c e s  on t h e  t e s t  f i x t u r e .  F igu re  lj i l l u s t r a t e s  t h e  s i x  

d i f f e r e n t  a r e a s  i n  which t h e  p re s su re  t a p s  were l o c a t e d .  The f o l l o w i n g  

l i s t  d e s c r i b e s  t h e  l o c a t i o n s  of t h e  s i x  d i f f e r e n t  p r e s s u r e  t a p  mountings 

shown i n  F igu re  l j  : 

a 
13 



INSTRUMENTATION (Concluded) 

A .  The gap between t h e  mini-diced t i l es  j u s t  above t h e  
RTV which bonds t h e  t i l e s  t o  t h e  SIP. 

B. The i n t e r i o r  of t h e  SIP benea th  a mini-diced t i l e .  

C .  The space  between t h e  SIP and t h e  f i l l e r  b a r  j u s t  
above t h e  RTV which bonds t h e  SIP t o  t h e  s k i n .  

D .  The gap between t i l e s  j u s t  above t h e  RTV which bonds 
t h e  t i l e s  t o  t h e  SIP.  

E .  The i n t e r i o r  j u s t  above t h e  RTV which bonds t h e  t i l e  
t o  the S I P  of a mini-diced t i l e .  

F. Flush w i t h  the t o p  (exposed) s u r f a c e  of t h e  mini-diced 
t i l e .  

F i g u r e s  lk through l p  show t h e  d e s i g n a t e d  l o c a t i o n s  of t h e  one hundred 

and t h i r t y  e i g h t  p r e s s u r e  t a p s  i n  t h e  t i l e d  area. These p r e s s u r e s  were 

used t o  e v a l u a t e  t h e  p o r o s i t y  of t h e  t i l e s ,  p r e s s u r e  m i g r a t i o n  i n  t h e  S I P ,  

p r e s s u r e s  i n  the gaps between t h e  t i l e s  a n d  t h e  m i n i - t i l e s ,  and p r e s s u r e s  

on t h e  t i l e  s u r f a c e .  Table  111 g i v e s  t h e  p r e s s u r e  o r i f i c e  X-Y p o s i t i o n s .  

14 



TEST FACILITY DESCRIPTION 

The Ames Research Cen te r  Un i t a ry  P lan  11 by 11-Foot T ranson ic  Wind 

Tunne 1 i s a c 10s cad - c i r cu i t , 3 i r -nlc-d i uin , v I- i a b  1 e-d ens i t y f a  c i 1 i t y 

c a p a b l e  of a t t a i n i n g  Mach numbers from 0 . 4  t o  1 .4  a t  Reynolds num- 

b e r s  from 1 . 7  x 1 0 6 / f t  t o  9.4 x 1 O 6 / f t .  

long ,  and models a re  i n s t a l l e d  on i n t e r n a l  s t r a i n - g a g e  ba lance , . ,  

mounted t o  s t i n g - t y p e  suppor t  sys t ems .  

The test s e c t i o n  i s  22 f e e t  

Shadowgraph and S c h l i e r e n  photographic  equipment i s  a v a i l a b l e ,  and 

p r e s s u r e  t r a n s d u c e r  i n s t r u m e n t a t i o n  i s  p rov ided .  

Tunnel o p e r a t i n g  t empera tu re  i s  580°R. 

runs  are  r e s t r i c t e d  by power a v a i l a b i l i t y .  

Extended h i g h  Reynolds number 

\ 

15 



TEST PROCEDURE 

The b a s i c  test procedure used d u r i n g  tests OS41, OS42 and OS45 w a s  t o  

f i r s t  set t h e  lead ing  edge f l a p  a t  z e r o  d e g r e e s ,  Mach number a t  z e r o  and 

t o t a l  p r e s s u r e  a t  1 5  i n c h e s  of mercury. 

and t h e  t o t a l  p r e s s u r e  were a d j u s t e d  and d a t a  w e r e  c o l l e c t e d  i n  accordance  

w i t h  t h e  test  run summaries d e p i c t e d  i n  Table  11. 

The Mach number, f l a p  a n g l e  

The LRSI  t i l e  panel  was t e s t e d  f o r  52 minutes  d u r i n g  OS41, 110 minutes  

d u r i n g  OS42 and 55 minutes  d u r i n g  OS45. For e v e r y  30 seconds on c o n d i t i o n ,  

t h e  LRSI tes t  panel  w a s  s u b j e c t e d  t o  a s i m u l a t e d  shock and t u r b u l e n t  f low 

environment e q u i v a l e n t  t o  one Space S h u t t l e  f l i g h t .  The t es t  c o n d i t i o n s  

fo r  tests OS41, OS42 and OS45 are shown i n  Table  I. 

-~ 
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DATA REDUCTION 

a 

Standard  t u n n e l  e q u a t i o n s  were used d u r i n g  O S 4 1 ,  O S 4 2  and O S 4 5  t o  compute 

a l l  t u n n e l  c o n d i t i o n s .  Local s t a t i c  p r e s s u r e  d a t a  were reduced  t o  s t a n d a r d  

c o e f f i c i e n t  form u s i n g  t h e  fo l lowing  e q u a t i o n :  

(PL - P)x144 

(4 
cp  = 

Local  f l u c t u a t i n g  p r e s s u r e  c h a r a c t e r i s t i c s  were c a l c u l a t e d  d u r i n g  OS41 

u s i n g  t h e  f o l l o w i n g  e q u a t i o n s :  

- - pRMS C 
PRMS 9 

P '  
0 . 2 9 ~ 1 0 - ~  

dB = 20 l o g  

Accelerometer and s t r a i n  gage da ta  were c a l c u l a t e d  d u r i n g  O S 4 1  u s i n g  t h e  

fo l lowing  e q u a t i o n :  

R 
gRMs gms or  S =-- 

RMS Kg 

S t a t i c  p r e s s u r e  d a t a  c o l l e c t e d  du r ing  tests O S 4 1 ,  O S 4 2  and O S 4 5  are pre-  

s e n t e d  i n  t h e  appendix  (mic ro f i che ) .  

17 
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TABLE I 

BALANCE UTILIZED: NA 

C A PAC ITY: 

NF 

SF 
AF 

PM 

RM 

ACCURACY: 
COEFFICIENT 
TOLERANCE: 



TABLE I (Continued) 

'EST : 0 s  4 2  I 
TEST CONDITIONS 

DY HAMlC PRESSURE TAGNATION TWPERATUR TOTAL P R Z S S V R E  

MACH WUYSEA ( I n c h e J  o f  U9) @ound~'sc. 44.) (degrers Ran kitid ) 

1 1 

B A L A N C E  ETILIZED: HA 
C A PA CITY: 

N F  
SF 

A F  

PM 

Rh! 

YM 

COMMENTS: 

ACCURACY: 
COE F FICIEtuT 
TOLERANCE: 

I'  

D 

I 
20 

a 

a 



TABLE I (Continued) 

a 

~ A T E  : 9-6-7 9 
TEST CDJDITIONS 

BALANCE UTILIZED: N A 
COEFFtClENT 
TOL E RAN C E: CAPACITY: A C C U R A C Y :  

NF 

SF 

AF 

PM 

RM 

Y M  

C OMME NTS: 



TAELC I ( C o n t i n u e d )  

BALANCE UTILIZED: 

h’f 

SF 

A F  

PM 

RH 

YW 

nl A 

A C C C R A C Y :  
C Of F FIDE KT 
TOL ER AN CE : 

., 

2 2  
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BALANCE UTILIZED: A 

f APALITY: A C C  L ' i l  ACY:  

NF 

SF 

C OE F F lClE t i l  
TOLE R AN f E : 

A F  
Plrl 
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APPENDIX 

TABULATED SOURCE DATA 

D a  t ase t ~- 

OS41 
R3LA33-47 
R3LC33-47 

OS42 
R3(a001-090 
A30001-090 
B30001-090 

OS45 
R 3  SAAA-AGE 
R3SBM-BGE 
R 3 S CAA- CGE 
R 3  SDAA-DGE 
R3SEAA-EGE 
R3SFAA-FGE 
R3SGAA-GGE 
R3SHGF-HGX 
P 3 S AAA- AG E 
P3I;BAA-BGE 
P 3 S CM-CGE 
P3SDM-DGE 
I’ ‘IS IiAA-EC E 
P ‘ISFAA- FGE 
P3SC:M-GGE 
P3SHC F-HGX 

D e s c r i p t i o n  Page 

F i x t u r e  P r e s s u r e  C o e f f i c i e n t  
Panel S t r a i n  Gage Data 

F i x t u r e  S t a t i c  P r e s s u r e  
F i x t u r e  P r e s s u r e  C o e f f i c i e n t  
F i x t u r e  P r e s s u r e  R a t i o  

1- 1 5  
16- 30 

31- 120 
121- 210 
211- 300 

Diced T i l e  Gap S t a t i c  P r e s s u r e  301- 461 
T i l e  Gap S t a t i c  P r e s s u r e  462- 622 
F i x t u r e  S t a t i c  P r e s s u r e  623- 783 
Diced T i l e  S t a t i c  P r e s s u r e  (Bottom) 784- 944 
SIP S t a t i c  P r e s s u r e  945-1105 
Diced T i l e  S u r f a c e  P r e s s u r e  1106-1266 
S I P - F i l l e r  Bar Cavi ty  S t a t i c  P r e s s u r e  1267-1427 
Quar tz  P i l l o w  S t a t i c  P r e s s u r e  1428-1446 
Diced T i l e  Gap P r e s s u r e  C o e f f i c i e n t  1447-1607 
Ti le  Gap P r e s s u r e  C o e f E i c i e n t  1608-1768 
F i x t u r e  P r e s s u r e  C o e f f i c i e n t  1769-1929 
Diced T i l e  P r e s s u r e  C o e f f i c i e n t  (Bottom) 1930-2090 
SIP P r e s s u r e  C o e f f i c i e n t  2091-2 251 
Diced ‘ r i l e  S u r f a c e  I-’rclssurt. ( :oeff ic icmt 2252-2411 
S I P - F i l l e r  Bar Cavi ty  P r e s s u r e  C o e f f i c i e n t  2413-2573 
Q u a r t z  P i l l o w  P r e s s u r e  C o e f f i c i e n t  2574-2592 
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